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(54) Ingestible animal temperature sensor 

(57) A system and ingestible boluses (2) for moni- 
toring physiological parameters of animals. The boluses 
include circuitry for storing a selectable identification 
code, for sensing a physiological parameter, and for 
transmitting a data burst signal which includes informa- 
tion corresponding to the identification code and a 
sensed physiological parameter. In addition to the 



boluses, the system includes a receiver (4) for receiving 
data burst signals transmitted from the boluses. Accord- 
ing to one mode of operation, the bolus transmits data 
burst continuously at a preselected rate. The receiver 
can be coupled to a processor which can process data 
from the data burst signals. 
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Description 

Technical Field 

[0001 J The present invention relates to a system and s 
apparatus for monitoring the core temperature of rumi- 
nant animals. More particularly, the present invention 
relates to an ingestible bolus which, when swallowed by 
a ruminant animal, can be used to sense and transmit 
information, including the core temperature of the rumi- w 
nant animal. 

Background Art 

[0002] There are several reasons for monitoring the 15 
core temperature of ruminant animals, including deter- 
mination of sickness or disease and for breeding pur- 
poses. Temperature changes of one degree Fahrenheit 
or less can signal a change in the physiological state of 
a ruminant animal. Early detection of such physiological 20 
changes would allow ranchers, feed lot operators, dair- 
ymen and others to take necessary action to prevent the 
spread of sickness and disease, to treat a sick or dis- 
eased animal in a timely manner, or to monitor breeding 
conditions. 25 
[0003] The problem of monitoring the temperature of 
individual animals in a herd becomes complicated, 
especially when the herd is allowed to roam over a wide 
area. In order to monitor the temperature of individual 
animals in a herd, it is necessary to correlate tempera- 30 
ture measurements with specific animals. 
[0004] Several attempts have been made to provide 
systems for remotely monitoring the temperature of ani- 
mals. 

[0005] U.S. Patent No. 5,482,008 to Stafford et al. dis- 35 
closes an electronic animal identification system which 
includes a bolus that is administrated into the rumen or 
reticulum of a ruminant animal. The bolus includes an 
electronic identification device and an optional tempera- 
ture sensor. In operation, boluses transmit the identifi- 40 
cation and temperature data only in response to an 
interrogation unit outside the animal. 
[0006] U.S. Patent No. 4,399,821 to Bowers discloses 
a free moving animal physiological monitoring and iden- 
tification system which includes an implanted device 45 
which may be swallowed and located in the stomach of 
an animal. The system utilizes a parameter interrogator 
to obtain temperature data from the implant. 
[0007] U.S. Patent No. 4.262,632 to Hanton et al. dis- 
closes an electric livestock identification system which so 
includes a transmitter capsule which can be placed in 
the reticulum of an animal. An interrogator-receiver unit 
is used to power the capsule and receive identification 
data. 

[0008] U.S. Patent No. 3,893,1 1 1 to Cotter discloses 55 
a system for remote monitoring of animal temperature 
which includes a capsule that contains a variable length 
antenna which changes in length according to tempera- 



ture. The capsule is embedded into an animal and acti- 
vated by a remote interrogation unit. 
[0009] Collectively, prior art devices which are 
designed to remotely monitor animals such as cows suf- 
fer from a number of similar problems which render the 
systems in which they are used less than satisfactory 
both from manufacturing and performance stand points. 
For example, the data transmission ranges for known 
prior art devices are limited to six meters or less. This 
limitation renders such devices and their related sys- 
tems unacceptable for monitoring animals which are 
allowed to roam freely Although one solution for this 
problem is the use of a network of receivers with over- 
lapping ranges, the cost for such a system can be pro- 
hibitive. Moreover, there are failure and maintenance 
problems which increase with increasing numbers of 
receivers, as well as potential power supply problems. 
[001 0] Identification codes which are presently used in 
animal monitoring devices are set during manufactur- 
ing, so that a user of such devices is required to order a 
series of sequentially coded devices. Care has to be 
taken to keep track of the identification code of each 
device. Moreover, when herds of animals are mixed 
together or within the proximity of a common receiver, it 
is possible for two or more devices to transmit similar 
identification codes. 

[0011] Battery life of implanted monitors is severely 
limited in prior art systems. Although the solution for 
extending battery life has been to limit data transmis- 
sion to times when the monitors are interrogated, the 
actual battery life of such monitors is far less than the 
expected life or service life of the animals. Accordingly, 
once the batteries in an implanted device fail, an addi- 
tional implanted device must be incorporated into the 
animal. Adding additional objects into the rumen or 
reticulum of a ruminant animal may not be desirable. 
[0012] Another disadvantage with interrogating the 
implanted devices is that the need for interrogation lim- 
its the range at which the devices can be used. 
Although this is not a problem since the actual useful 
ranges of known devices are inherently limited, the 
requirement of interrogation does enforce the useful 
range limitations on systems using the prior art moni- 
tors. 

[0013] Prior art devices which include temperature 
sensors, involve a trade-off between temperature accu- 
racy and the cost of circuit tuning elements, thereby 
requiring that each implanted device be individually 
tuned and calibrated. Such individual tuning and cali- 
bration adds addition expense to manufacturing costs 
which are compounded by the circuit tuning elements. 
Prior art devices such as U.S. Patent No. 3,893, 111 to 
Cotter which use mercury containing temperature sen- 
sors can be hazardous if they malfunction and leak mer- 
cury. 

[001 4] Prior art systems in general are susceptible to 
magnetic and electrical interference to the point that 
they will display incorrect data or become desensitized 
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and fail to operate at all. 

[001 5] Magnetic interference can result from implants 
being too close in proximity to magnets. In this regard, it 
is common practice to insert magnets which perma- 
nently reside in the reticulum of animals to attract and 5 
collect magnetic objects so that such objects do not 
pass through the gastrointestinal tract of the animal and 
cause health problems. Implanted monitors or sensors 
can become lodged in close proximity to such magnets 
and thus be adversely affected by their magnetic fields. io 
[001 6] The circuitry in prior art implanted devices may 
also be subject to electrical interference which effects 
detuning of the resonant frequency of the devices' 
antennas. Such electrical interference can result if the 
devices are in close proximity to magnets or any other 75 
conductive materials. 

[0017] The present invention provides an ingestible 
temperature sensor that has a number of advantages 
over prior art devices. 

20 

Summary of the Invention 

[001 8] Generally, the present invention provides a sys- 
tem for monitoring physiological conditions, such as the 
temperature of individual animals in a herd or group of 25 
animals. 

[0019] The present invention also provides a system 
for monitoring the temperature of individual animals in a 
herd or group of animals which system includes a 
ingestible bolus that transmits unique identification 30 
codes together with sensed physiological parameters 
such as temperature. The transmitted data is received 
by a receiver unit which is capable of collecting, analyz- 
ing and correlating data. The receiver unit can be a 
remote, hand-held receiver which can be used in the 35 
field to interrogate implanted boluses and cause them to 
transmit a data signal on demand which data signal is 
received by the receiver. Otherwise the boluses can 
transmit data bursts in random periodic cycles. 
[0020] The present invention provides a highly accu- 40 
rate monitoring system which is capable of monitoring 
physiological conditions of the animals over large dis- 
tances, so that the animals are allowed to roam freely 
on a farm, dairy, range, or similar facility. 
[0021 ] The boluses include circuitry which allows the 45 
identification codes for the monitors to be programmed 
in the field. In addition to being field programmable 
before implantation or ingestion, the boluses are also 
capable of being programmed within the rumen or retic- 
ulum of an animal. This allows the user to change iden- so 
tif ication codes if necessary, to turn the bolus off and on, 
and to change the frequency period of autonomous 
data transmission to allow for faster or slower data col- 
lection rates as desired. 

[0022] According to one mode of operation, the bolus 55 
provide an autonomous periodic data transmission 
which allows constant 24 hour monitoring of the physio- 
logical conditions of animals with automatic data collec- 



tion and analysis. The system can be used to analyze 
collected data and provide an alert signal which is set 
for any critical change in the status of an animal or 
group of animals at any time. The system can thus pro- 
vide automatic determination of milk fever, heat stress, 
mastitis and other illnesses or diseases which require 
immediate attention in order to prevent loss of milk pro- 
duction resulting from stress. The boluses of the 
present invention are capable of continuous 24 hour 
operation for the useful life of an animal which is esti- 
mated to be three years or greater. 
[0023] The system of the present invention incorpo- 
rates an error detection and correction algorithm, which 
provides maximum immunity to electrical noise and 
interference for the radio frequency data transmission 
fink. 

[0024] The system of the present invention is more 
economical to produce prior systems, because it allows 
for high accuracy and resolution of physiological data 
measurements without the need for individual tuning or 
adjustment of the boluses. In addition, the invention uti- 
lizes transmission frequencies which allow for optimum 
performance without the need for FCC licensing. 
[0025] The ballast which is used in the boluses to 
increase their density can include a magnetic material. 
This will eliminate the need for an additional magnet 
which may be implanted in the rumen or reticulum of an 
animal to collect metal objects. The boluses of the 
present invention are designed to operate properly 
when exposed to or in contact with magnets which may 
already be present in the reticulum of an animal. 

Brief Description of Drawings 

[0026] The present invention will be described hereaf- 
ter with reference to the attached drawings which are 
given as non-limiting examples only, in which: 

Figure 1 illustrates a system in accordance with the 
present invention showing a cow with an ingestible 
sensor positioned in its reticulum. 
Figure 2 is a block diagram which depicts the basic 
functioning of an ingestible sensor according to one 
embodiment of the present invention. 
Figure 3 is a circuit diagram for an ingestible sensor 
according to one embodiment of the present inven- 
tion. 

Figure 4 is a circuit diagram for an ingestible sensor 
according to another embodiment of the present 
invention. 

Figure 5 is a longitudinal cross sectional view of an 
ingestible sensor which shows the non-electric 
structures. 

Figure 6 is a radial cross sectional view of the 
ingestible sensor of Fig. 5. 
Figure 7 is a longitudinal cross sectional view of an 
ingestible sensor which shows the relative positions 
of the electrical circuit elements. 
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Figure 8a and 8b are a circuit diagram for a 
receiver/display according to one embodiment of 
the present invention which can be used in conjunc- 
tion with the ingestible sensor. 
Figure 9 is a front view of a hand held receiver 
according to one embodiment of the present inven- 
tion. 

Figure 10 is a side view of the hand held receiver of 
Fig. 9. 

Figure 11 is an end view of the hand held receiver 
of Fig. 9. 

Figure 12 is a sectional view of another embodi- 
ment of an ingestible bolus sensor of the present 
invention. 

Fig. 13 is an enlarged, fragmentary view illustrating 
the sealed interconnection between the two bolus 
halves, taken at detail A in Figure 12. 

Detailed Description of the Invention 

[0027] The present invention is directed to a system 
and apparatus for monitoring the core temperature of 
ruminant animals. The system includes an ingestible 
bolus which, when swallowed by a ruminant animal, 
senses and transmits information, including the core 
temperature of the ruminant animal. The system further 
includes a receiver which receives the information 
transmitted from the ingestible boluses. The bolus has a 
suitable size and density which ensure that it is not 
regurgitated from the animal's rumen or reticulum. The 
bolus is capable of remaining in the animal's rumen or 
reticulum throughout the life of the animal. 
[0028] In addition to having a particular size and den- 
sity which ensure that the bolus will remain in the ani- 
mal's rumen or reticulum, the exterior surface of the 
bolus is made from a suitable material which will with- 
stand the environment of the animal's rumen or reticu- 
lum. Plastics are particularly useful as a material for the 
boluses, because plastics are inexpensive and can be 
easily molded. 

[0029] The boluses include means for transmitting a 
signal. The transmitted signal comprises a data burst 
which can include an identification code for individual 
animals as well as temperature data. According to a 
preferred embodiment, the transmitted temperature 
data provides a signal that can produce a readout which 
is accurate to one-tenth of a degree Fahrenheit. Each 
bolus produces a transmission or data burst at a time 
interval which has a random factor. This randomness 
helps ensure that, when a targe number of the boluses 
are used, for example in a large herd of cows, the likeli- 
hood of two boluses transmitting a signal or data burst 
simultaneously is very low. 

[0030] The receiver is preferably coupled to a compu- 
ter or other processor unit which can, upon receiving a 
signal transmitted from a bolus, display the identification 
number of the corresponding animal and/or the temper- 
ature sensed by the bolus. The computer or processor 



can also store the identification number and sensed 
temperature and, in addition to other functions, may pro- 
duce any of a number of histories, correlations or calcu- 
lated values such as temperature averages. The 
s computer or processor may also include an audio or vis- 
ual warning which is triggered when one or more 
sensed temperatures are above or below a set thresh- 
old. 

[0031] In normal operation, the receiver and associ- 
10 ated computer or processor are located in an area such 
as a house, barn or other building where transmitted 
information can be conveniently accessed and moni- 
tored. The boluses are designed to transmit data over a 
range of two hundred yards and more. This range is suf- 
75 ficient to allow animals who have ingested the bolus to 
roam or graze freely within an operable proximity to the 
receiver. 

[0032] According to another embodiment, the receiver 
is provided as a hand held unit which includes a proces- 

20 sor and display. The hand held receiver allows a user to 
inspect a herd or group of animals in the field. In this 
regard, the hand held unit can be provided with a circuit 
which interrogates the ingestible boluses to obtain infor- 
mation such as an animal's identification code and 

25 sensed core temperature on demand. 

[0033] The ingestible bolus includes a sensor for 
sensing physiological parameters of an animal. Accord- 
ing to one embodiment, a temperature sensor such as a 
highly accurate monolithic temperature sensor is used 

30 to sense the core temperature of an animal . Other phys- 
iological parameters can be sensed by incorporating 
sensors such as electrical pH sensors, and similar sen- 
sors that can be used monitor other chemical compo- 
nents that are susceptible to redox reactions, pressure 

35 sensors, and the like. 

[0034] Figure 1 illustrates a system in accordance with 
the present invention showing a cow 1 with an ingestible 
bolus 2 positioned in its rumen or reticulum. As shown in 
Fig. 1 the basic system of the present invention involves 

40 the use of an ingestible bolus 2 which is adapted to be 
internally implanted in a ruminant animal, such as a cow 
1 for permanent residence in the animal's rumen or 
reticulum 3, and a receiving unit 4 which receives a 
transmitted signal from the ingestible bolus 2 and pro- 

45 vides a read -out of transmitted data. The ingestible 
bolus 2 can be orally administered to an animal using a 
balling gun in a known manner. 
[0035] The ingestible bolus 2 has a suitable size and 
density which ensure that it is not regurgitated from the 

so cow's rumen or reticulum 3. The ranges of such param- 
eters are known from the conventional use of cow mag- 
nets. Ideally, the bolus 2 will remain in the animal's 
rumen or reticulum 3 throughout the life of the animal, 
and can be recovered at the time the animal is slaugh- 

55 tered. The sensor and signal transmission circuit in the 
ingestible bolus 2 can be powered for three years or 
more by a battery. 

[0036] The receiver 4 is ideally located in an area such 
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as a house, barn or other building where transmitted 
information from the ingestible bolus 2 can be conven- 
iently accessed and monitored. The signal transmitted 
from the ingestible bolus 2 comprises a data burst which 
includes an identification code and temperature data. 5 
As discussed below, the identification code can be field 
programmed into the ingestible bolus 2 so that a unique 
identification number can be assigned to a multiplicity of 
ingestible boluses, each of which can be administered 
to different animals. In this manner, each of a plurality of 
animals, e.g. cows in a herd, can be implanted with the 
ingestible boluses, and the temperature of each animal 
can be individually monitored. 

[0037] In addition to displaying a read-out of the data 
transmitted from each ingestible bolus 2, the receiving 
unit 4 can be equipped with or linked to a computer or 
processor 5 which stores the identification code and 
sensed temperature. The computer or processor 5 
could also be used to produce any of a number of histo- 
ries, calculations, or correlations from the received data. 
The computer or processor 5 may also include or be 
coupled to an audio or visual warning which is triggered 
when one or more sensed temperatures are above or 
below a set threshold. 

[0038] Figure 1 also depicts a hand held receiver 6 
which can be used to receive data burst signals from the 
ingestible boluses. The hand held receiver also includes 
a processor and circuitry to display information such as 
an animals identification code and sensed core temper- 
ature. In addition, the processor can be used to corre- 
late received data. According to another embodiment of 
the present invention, the hand held receiver 6 could be 
provided with circuitry to interrogate the ingestible bolus 
2. This would allow a user to inspect a group of animals 
in afield environment and distinguish individual animals 
by their identification codes. Such integration circuitry 
could also be provided with receiver 4. 
[0039] Figure 2 is a block diagram which depicts the 
basic functioning of an ingestible bolus according to one 
embodiment of the present invention. As depicted in the 
block diagram of Fig. 2, controller 7 controls the opera- 
tion of the ingestible sensor circuit via a bi-directional 
data bus. Controller 7 activates and receives signals 
from the temperature sensor 8, controls transmitter 9 
which transmits a data burst via antenna 10, and con- 
trols timing/power management circuit 11. Controller 7 
is externally programmed by inductive programming 12. 
For example, the controller 7 can be inductively pro- 
grammed to set an identification code, the cycle period 
for data bursts, a calibration factor for the temperature 
sensor, etc. 

[0040] The ingestible bolus is powered by a battery 1 3 
and includes a timing/power management circuit 11 
which conserves battery life by maintaining the bolus in 
a "sleeping" mode until data bursts cycles are triggered. 
The timing/power management circuit 1 1 turns the sys- 
tem power on, causing controller 7 to activate tempera- 
ture sensor 8 and obtain therefrom a temperature 



signal. The controller 7 then encodes the temperature 
signal and an identification code with an error detection 
and correction algorithm and O.feeds encoded data sig- 
nal to transmitter 9 which transmits the encoded data 
signal as a data burst via antenna 10. 
[0041] Figure 3 is a circuit diagram for an ingestible 
bolus according to one embodiment of the present 
invention. Unless otherwise specified throughout the 
drawings, resistance is in ohms, capacitance is in micro- 
farads and inductance is in microhenries. It is noted that 
the circuits depicted in Figs. 3, 4, 8a and 8b, and the 
specific components thereof are exemplarily only of 
workable embodiments of the present invention. These 
circuits and the components thereof can be adapted for 
different operating parameters and conditions as 
desired. 

[0042] The circuit depicted in Fig. 3 utilizes frequency 
shift keying (FSK) for signal modulation so that ampli- 
tude variations of radio frequency (RF) signal are not 
part of the information transfer. This allows for a Class C 
final RF amplifier which is more efficient than a Class A 
or B amplifier. In the circuit of Fig. 3 inductor L4 and 
capacitor C14 form a tuned resonant circuit at 10.7 KH 2 
with the inductor picking up magnetically coupled exter- 
nal transmitted modulator 1 0 KHz signals. The modula- 
tion rate is 125 Hz. Field-effect transistors Q2, Q3. Q4 
and transistor Q5 form a 10.7 KHz high gain very low 
power consumption amplifier cascade. The collector of 
Q5 is connected to the collector circuit voltage (Vcc) via 
the RC filter which includes resistor R15 and capacitor 
C18. The RC filter demodulates the 10.7 KHz signal and 
delivers an active low 125 Hz signal to an interrupt pin of 
the microprocessor (U1)(pin 19). This circuitry is used 
to interpret externally transmitted signals for control of 
all of the modes of the ingestible boluses. 
[0043] The bolus has the following modes which can 
be externally (inductively) controlled: A POWER mode 
for turning the boluses on and off. A PROGRAMMING 
mode for selecting an identification (ID) code and auton- 
omous transmission interval. A TEST mode in which the 
boluses transmits data bursts repeatedly for testing. A 
QUERY mode in which interrogation of the boluses 
results in the transmission of a data burst. 
[0044] The modes of the bolus are controlled by an 8 
bit microprocessor U1. The microprocessor U1 is nor- 
mally in a power down low quiescent current condition 
until timer control chip U3 wakes the microprocessor U1 
up. The clock rate of the timer control chip U3 is deter- 
mined by the resistor capacitor combination of R3, R4 
and C13 and is set for approximately 800 Hz. The timer 
control chip produces a clock with a rate of approxi- 
mately 7.5 min. which is fed to pin 1 6 of microprocessor 
LM. Upon receipt of the positive transition of the clock, 
the microprocessor U1 "wakes up" and checks to deter- 
mine what transmission rate has been programmed. If 
the 30 min. rate is selected, the microprocessor will 
increment an onboard counter and go back to sleep. 
This cycle will repeat until a count of four is reached, at 
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which time microprocessor U1 will query the tempera- 
ture sensor U2 for a temperature reading via a bidirec- 
tional serial data (U1, pin 7) and clock (U1 pin 6) lines. 
After a minimum time period of 200 msec, the tempera- 
ture sensing IC sends a digital 13 bit temperature read- 5 
ing back to the microprocessor U1. The microprocessor 
U1 then combines this 13 bit temperature data with the 
stored identification code and uses an error detection 
and correction (ED AC) algorithm, e.g. a Hamming 
ED AC algorithm to precode the 32 bit data transmission 10 
word. If a 7.5 min cycle is chosen, the microprocessor 
U1 will implement the temperature query process on 
each clock cycle. 

[0045] The microprocessor U1 than turns on the RF 
transmitter modulator by switching the base of transistor 15 
Q7 high, thereby turning on the 27.145 MHZ oscillator 
(formed by transistor Q6 and crystal X1) along with bias 
and tuning resistors, capacitors, and inductors L7, C22, 
R16, R17, L6, C4, and R2. The microprocessor U1 con- 
trols the frequency of the oscillator by switching transis- 20 
tor Q8 on and off. This switching inserts the frequency 
shifting network R1 , L5 and C3 into the circuit, which 
pulls the resonant frequency of the crystal lower. 
Capacitor C4 controls the upper resonant frequency 
and capacitor C3 controls the lower resonant frequency. 25 
Frequency shift keying is accomplished by switching 
between the upper and lower frequencies. 
[0046] The oscillator output is coupled via capacitor 
C7 to the input of amplifier Q1 thereby providing suffi- 
cient drive to turn on amplifier Q1 . The output of ampli- 30 
fier Q1 is then matched to the coil antenna with a 
iowpass filter network which includes capacitors C8, C9 
and C10 and inductor L3. The RF signal energy is then 
radiated to the receiver from the coil antenna ANT 1 . 
The antenna coil is designed to be resonant with the 35 
dielectric loading of the reticulum or rumen environment 
taken into account. 

[0047] Figure 4 is a circuit diagram for an ingestible 
bolus according to another embodiment of the present 
invention. The circuit depicted in Fig. 4 utilizes binary 40 
phase shift keying (BPSK) for signal modulation so that 
amplitude variations of radio frequency (RF) signal are 
not part of the information transfer. This allows for a 
Class C final RF amplifier which is more efficient than a 
Class A or B amplifier. 45 
[0048] The circuit diagram of Fig. 4 is similar to the cir- 
cuit diagram of Fig. 3 except that the frequency shift 
keying circuitry is replaced by an oscillator/BPSK mod- 
ulator on a high speed CMOS quad exclusive OR inte- 
grated chip (IC) U4. One gate is used for a simple so 
invertor oscillator formed by using 27.145 MHZ crystal 
X1 in the feedback path. This oscillator is turned on/off 
by the microprocessor U1 (pin 4). The remaining 3 
gates in the IC U4 are paralleled together to get better 
output drive, and with the oscillator as one input the sig- 55 
nal level of the microprocessor U1 (pin 5) is used to 
phase modulate the 27.145 MHZ signal between 0 and 
180 degree phase shifts. The output of the modulator 



feeds the class C amplifier as discussed in reference to 
Fig. 3 above. 

[0049] Figure 5 is a longitudinal cross sectional view 
of an ingestible bolus according to one embodiment of 
the present invention. The bolus includes a two-piece 
housing 20 which has a cylindrical shape with generally 
rounded or spherical shaped ends as depicted. The 
housing 20 is made from a material which will withstand 
the harsh environment within an animal's stomach and 
which will not adversely effect the animal. Plastics, 
including polyphenylene oxide (PPO) and ABS plastics, 
have been found to be particularly suitable for purposes 
of the present invention. As depicted, the two pieces or 
halves of the housing 20 are joined together at seam 21 
which can be approximately midway along the bolus. 
The two pieces or halves of the housing 20 can be 
welded, glued or cemented together once all the inter- 
nal components are assembled and positioned within 
the housing 20. Figure 5 depicts the half portions of 
housing 20 as being attached together near the center 
of the ingestible bolus. In other embodiments, one of the 
housing portions could merely comprise an end cap for 
the overall cylindrical housing. The use of a cylindrical 
housing is believed to make the sensor easier to swal- 
low for an animal and easier to manufacture. However, 
the sensor housing may have a cross sectional shape 
that is elliptical, polygonal, or flattened with curved 
sides. 

[0050] A ballast or weight 22 is positioned within one 
end of housing 20. The weight 22 preferably has a solid 
cylindrical shape and an outer surface which is compli- 
mentary to the inner surface of the housing end in which 
it is inserted. If desired, the weight 22 can be f ixed to the 
inside of the housing end by glue, cement, or other 
chemical or mechanical means. The weight 22 can be 
made of any material which is heavy enough to provide 
the ingestible sensor with an effective density of 1 .75 - 
2.0 g/cm 3 or greater. Ferric metals have the advantage 
of being attached to any magnet present in an animal's 
rumen or reticulum. Such attraction can be advanta- 
geous if the antenna of the ingestible sensor is located 
at an opposite end of the housing. In such an arrange- 
ment, the end of the ingestible sensor in which the 
weight is located will be drawn to the magnet, causing 
the antenna to be positioned away from the magnet. 
This arrangement will help prevent the magnet from 
interfering with the data transmission from the antenna. 
[0051 ] Weight 22 may also be made out of other types 
of metals such as brass, copper, lead, etc. to which 
magnets are not attracted. The advantage of such 
materials is that they will prevent the ingestible bolus 
from being in contact with any magnets present in an 
animal's rumen or reticulum. In further embodiments, 
weight 22 can be made from a magnetic or magnetiza- 
ble material and used to attract and contain metal 
objects in the animal's rumen or reticulum. 
[0052] A circuit board 23 which supports all the circuit 
elements is provided with a narrowed end portion 24 
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which is sized to pass through coil antenna 25 until the 
main portion of the circuit board 23 abuts the antenna 
coil 25. The antenna coil 25 includes a bobbin 26 which 
supports the antenna windings. The lead 27 from the 
antenna 25 to the circuit board 23 is depicted in Fig. 5. 
[0053] The circuit board 22 is held in position within 
housing 20 by being wedged between the inner surface 
of the housing 20. coil antenna 25 and battery 28 which 
is attached to the circuit board 23. The battery 28 is 
preferably a long life battery such as a lithium battery 
which can operate the bolus under normal conditions for 
three years or more. 

[0054] Figure 6 is a radial cross sectional view of the 
ingestible sensor of Fig. 5. The coil antenna 25 is 
depicted as being centered with housing 20 with the 
narrow portion 24 of the circuit board 23 positioned 
within coil antenna 25. In Fig. 6 the wider main portion 
of the circuit board 23 is depicted as abutting the coil 
antenna 25. The battery 28 is depicted in Fig. 6 as 
extending between the lower end of the circuit board 23 
and the inner surface of the housing 20. 
[0055] Figure 7 is a longitudinal cross sectional view 
of the ingestible bolus of Fig. 5 taken parallel to the top 
surface of the circuit board which depicts possible posi- 
tions of the electrical circuit elements. As depicted in 
Fig. 7, by passing the circuit board 23 though the coil 
antenna 25, additional space is provided for attaching 
electrical components to the circuit board 23. It is noted 
that the inductor L4 which allows for external program- 
ming of the bolus is preferably located at the end of the 
circuit board 23 which is near weight 22. When inductor 
L4 is located in this position the weight 22 can augment 
inductor L4's magnetic pick up characteristics, particu- 
larly when weight 22 includes a magnetic material. An 
indentation 29 is provided at the end of the housing 20. 
The indentation 29 is provided for an alignment refer- 
ence for automatic manufacturing and testing of the 
bolus. 

[0056] Figure 8a and 8b are a circuit diagram for a 
receiver/display according to one embodiment of the 
present invention which can be used in conjunction with 
the ingestible sensor. This circuit could be used in either 
the portable hand held receiver 6 depicted in Fig. 1 or 
the non-portable receiver 4. The circuit depicted in Figs. 
8a and 8b includes a transistor amplifier circuit Q1 
which causes preampl'rf ication of the input signal. Induc- 
tor L3 provides a matching element and diode D1 pro- 
vides ESD protection. Resistors R5 and R6 serve as 
base bias resistors, C1 and C4 are input and output 
blocking capacitors respectively, DC bias filtering is pro- 
vided by inductor L5 and capacitors C13 and C2, and 
emitter biasing is provided by inductor 12, resistor R7 
and capacitor C3. 

[0057] A two pole crystal filter X7 is used to filter 
image frequency and out-of-band noise and interfer- 
ence. The crystal X7 is preferably centered at 27.145 
MHZ and has a 30 KHz 3dB bandwidth and a 70 Khz 1 5 
dB bandwidth. Inductor L8 and capacitor C33 form an 



input matching network. An output matching network is 
formed from capacitor C34, inductor L9 and resistor 
R17. 

[0058] In Fig. 8a, U1 is a low power FM receiver chip. 

5 Pins 1 and 2 of this receiver chip are used to provide an 
on board Colpitis oscillator whose resonant frequency is 
determined by components C5, C6, C7, L1 , X1, and R2. 
This 26.690 MHZ oscillator provides the local oscillator 
for down converting 27.145 MHZ to 455 Khz. The RF 

10 input at pin 16 is DC blocked by capacitor C35 and is 
mixed with the LO and a 455 Khz signal plus mixing 
products is output to pin 3. A ceramic four pole filter 455 
Khz filter is used to filter the IF signal and feedback into 
the receiver chip's limiting amplifier pin 5 input. R1 , C8, 

75 C10, R3 and C9 provide proper biasing for the limiting 
amplifier section. Crystal X3 and resistor R4 form the 
tank circuit for the FM demodulator. Pin 9 provides the 
amplifier demodulation baseband signal which is fed 
into a comparator circuit to square the data and provide 

20 a TTL/CMOS compatible signal to the microprocessor. 
The comparator circuit utilizes U2 as the comparator 
and R8 as an input resistor. C15. R10 and C16 provide 
a lowpass filter which controls the zero crossings of the 
comparator. 

25 [0059] Pin 12 is the output signal of the logarithmic 
Received Signal Indicator (RSSI) which provides a volt- 
age level output that is proportional to signal level and 
has a 90 dB dynamic range. This signal is lowpass fil- 
tered by resistor R9 and capacitor C12, and fed into the 

30 microprocessor's A/D converter. 

[0060] The receiver can be powered by a 9 volt battery 
or from an external 12 volt AC or DC power supply. 
Bridge rectifier D3 provides necessary rectification if an 
external AC supply is used. Capacitors C32 and C24 

35 provide filtering of the rectified signal. If an external DC 
supply is used, the bridge rectifier provides two diode 
drops in DC input voltage and the filter capacitors are 
used. Diode D2 blocks current flow into the battery 
when using external power. U7 is a DC regulator that 

40 regulates the input voltage on pin 2 to +5 volts at pin 3 
output. U8 is a low voltage detection circuit that pulls the 
output on pin 1 low when the input voltage on pin 2 falls 
below 6 volts. The microprocessor monitors this pin to 
insure proper voltages are present, and is designed to 

45 issue a "Low Battery" indication on the LED display if 
the voltage falls below 6 volts. U5 is a low voltage detec- 
tor which is set at 2 volts and monitors the supply volt- 
age to the microprocessor. This signal is monitored and 
can provide a shutdown of the microprocessor if the 

so voltage falls below two volts. 

[0061 ] U3 is an RS-232 transceiver chip that provides 
the correct voltages and signal protocol for RS-232 
operation. Pin 14 is the receiver output to a host compu- 
ter, and pin 13 is the input into the receiver from a host 

55 computer. Pin 11 is the CMOS data from the microproc- 
essor for the transmission, and pin 1 is the CMOS out- 
put from the RS-232 transceiver chip received host 
computer data to the microprocessor. C17, C18, C19 
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and C20 are bypass capacitors for the transceiver chip. 
[0062] U6 is a programmable timer chip that provides 
year, month, day and time information. The timer chip 
utilizes crystal X5 as its timing oscillator and has an on 
chip battery so that once it is set, it keeps time regard- s 
less of whether the power supply to the main circuit is 
on. The timer chip U6 is used to set the receiver time tag 
for data if a host PC is not present. The time is set by 
commands from the microprocessor in response to key- 
pad commands or RS-232 commands. Pin 1 is reset, 
pin 6 is serial I/O line, and pin 7 is data clock for data 
transfer into and out of the timer chip. 
[0063] Microchip PIC16C74 microprocessor controls 
all timing, RS-232 communications, responds to keypad 
entries, issues all commands to LED display, switches 
power ON/OFF to RS-232 circuit, and receiver circuit for 
low power RCVR Off condition. The microprocessor 
also controls data to program the ingestible bolus via a 
10 KHz transmitter circuit. 

[0064] The microprocessor provides a 10 KHz modu- 
lated signal to resistor R15 and gate of FET Q4. The 
FETs Q3 and Q4 form a bootstrapped push pull 
arrangement. Diode D4, resistor R16 and capacitor C30 
are used to bootstrap the gate of Q3 so that it can be an 
NMOS enhancement FET like Q4 instead of using a 
complementary PMOS FET as is normally seen in a 
push pull configuration. Q2 is used to invert the signal to 
the gate of Q3. Capacitor C31 and inductor L6 form a 
resonant circuit at 10 KHz and inductor L6 radiates a 10 
KHz modulated signal that can be received by a bolus 
for external programming of the bolus. The coil is placed 
at the inner edge of the receiver case so that bolus can 
be placed on the outside of the receiver case for pro- 
gramming. According to another embodiment an exter- 
nal antenna can be used to increase the range at which 
the bolus can be programmed. The use of an antenna 
will allow programming of a bolus that is inside an ani- 
mal. 

[0065] Figure 9 is a front view of a hand held receiver 
according to one embodiment of the present invention. 
Figure 10 is a side view of the hand held receiver of Fig. 
9. Figure 1 1 is a top end view of the receiver of Fig. 9. 
As seen collectively in Figs. 9-11, the receiver 6 
includes a keypad 30 for inputting data and program- 
ming a bolus and a LED display 31 for displaying infor- 
mation such as mode settings, data input, transmitted 
and received data, etc. An RF connection 32 is provided 
to connect an antenna to the receiver. A battery charge 
jack 33 is provided to recharge the battery and/or supply 
external power to the receiver. A multi-pin connector 34 
is provided to line the receiver to a PC or other proces- 
sor for data transfer. 

[0066] Referring now to Fig. 12, another embodiment 
of an ingestible bolus 50 of the present invention is 
shown. Bolus 50 generally includes a housing 52 and a 
plurality of electrical components 54 disposed within 
housing 52. 

[0067] Housing 52 includes two housing halves 56 



and 58, with each housing half 56 and 58 being formed 
from a material which is substantially biologically inert. 
For example, housing halves 56 and/or 58 may be 
formed from a suitable plastic such as polyphenylene 
oxide (PPO) or acrylonitrile butadiene styrene (ASS), or 
other suitable plastic. Alternatively, housing halves 56 
and/or 58 may be formed from a suitable metal such as 
stainless steel, cobalt-chromium-molybdenum, tita- 
nium, etc. In the embodiment shown, housing half 56 is 
formed from 416 stainless steel and housing half 58 is 
formed from ABS plastic. Stainless steel housing half 56 
is magnetic and thus may be attracted to a hardware 
magnet within the stomach of a ruminant animal. Other 
types of ferric metals which are magnetic and/or mag- 
netizable and also substantially biologically inert may 
also be used (e.g., a suitable carbon steel with an 
appropriate plating or coating). 

[0068] Metal housing half 56 has a weight which is 
sufficient to maintain bolus 50 within the stomach of the 
ruminant animal. More particularly, bolus 50 has an 
effective density of at least 1.75 g/cm 3 ; more preferably 
has an effective density of between 1 .75 and 3.0 g/cm 3 ; 
and even more preferably has an effective density of 
approximately 2.7 g/cm 3 . In the embodiment shown, 
bolus 50 has an overall volume of 43.34 cm 3 . When 
housing 52 is empty without electronic components 54 
being disposed therein, housing 52 has a weight of 
approximately 75. 1 grams. On the other hand, with elec- 
tric components 54 disposed within housing 52, bolus 
50 has a weight of approximately 116 grams. Thus, the 
overall effective density of bolus 50 with electric compo- 
nents 54 disposed therein is approximately 2.68 g/cm 3 . 
The effective density of bolus 50 is thus more than 
enough to maintain bolus 50 within the stomach of the 
ruminant animal. 

[0069] Plastic housing half 58 allows radio frequency 
(RF) signals which are emitted from electrical compo- 
nents 54 to be transmitted to a remote receiver unit. 
[0070] Metal housing half 56 and plastic housing half 
58 are configured to be snap-locked together in a sub- 
stantially fluid-tight manner, thereby protecting electrical 
components 54 disposed within bolus 50 from biological 
fluids within the stomach of the ruminant animal. More 
particularly, metal housing half 56 and plastic housing 
half 58 each include an open end (not numbered) with 
respective beveled edges 60 and 62 adjacent thereto. 
Beveled edges 60 provide the dual functionality of 
allowing plastic housing half 58 to be radially inwardly 
deflected and snapped together with metal housing half 
56, as well as defining a pair of crush seal grooves 64 
and 66 which substantially deform O-ring seals 68 to 
form a redundant sealing arrangement at the interface 
between housing halves 56 and 58. More specifically, 
when the open ends of housing halves 56 and 58 are 
placed against each other to be snap-locked together 
and further moved towards each other in an axially com- 
pressive manner, both an axial as well as a radially 
inward compressive force is applied to plastic housing 
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hatf 58. The radially inward force exerted on beveled 
edge 62 by beveled edge 64 radially inwardly deflects 
the open end of plastic housing half 58 to allow plastic 
housing hatf 58 to be further axially slid to the position 
shown in Fig. 12. When snap-locked together, metal 5 
housing half 56 and plastic housing half 58 define the 
two crush seal grooves 64 and 66 therebetween for 
receiving respective O-ring seals 68. The cross-sec- 
tional area of seal grooves 64 and 66 is substantially the 
same as the cross-sectional area of the O-ring seals 68 10 
when in a non-deflected state. Thus, when metal hous- 
ing half 56 and plastic housing half 58 are snap-locked 
together, O-ring seal 68 is deformed to substantially fill 
the cross-sectional areas of seal grooves 64 and 66. 
This crush seal arrangement prevents slippage or 15 
movement of O-ring seal 68 within seal grooves 64 and 
66. and thus provides a very effective fluid seal regard- 
less of slight relative movements between housing 
halves 56 and 58 caused by external forces, thermal 
expansions and contractions, etc. 20 
[0071] Electrical components 54 generally include a 
power source or battery 70, a printed circuit board 72 
carrying a plurality of electrical components such as a 
temperature sensor 73 and other components defining 
a transmitter circuit 74 (shown schematically in Fig. 12) 25 
for transmitting an air-borne data burst to a remote 
receiver unit, and an antenna 76 electrically connected 
with transmitter 74 through appropriate electrical con- 
nections in printed circuit board 72. 
[0072] Battery 70 provides a suitable voltage to elec- 30 
trical components carried by printed circuit board 72. In 
the embodiment shown, battery 70 is a three-volt alka- 
line battery providing an adequate life to bolus 50. Bat- 
tery 70 is disposed radially within a compression coil 
spring 78, and axially engages a coil spring 80 and a 35 
resilient disc 84. Coil spring 78 engages metal housing 
half 56 at one end thereof, and engages a shoulder 84 
on printed circuit board 72 at another end thereof. Coil 
spring 80 engages one pole of battery 70 at one end 
thereof, and engages a pair of notches 86 in printed cir- 40 
cuit board 72 at the opposite end thereof. The end of 
coil spring 80 within notches 86 is electrically connected 
with electrical components on printed circuit board 72. 
Coil springs 78 and 80 and resilient disc 82 ensure that 
battery 70 is properly electrically connected with electri- 45 
cal components carried on printed circuit board 72, 
regardless of vibrations, etc. 

[0073] Antenna 76 is helically wrapped around an end 
of printed circuit board 72 for purposes of convenient 
manufacturing. Antenna 76 is at least partially disposed so 
within plastic housing half 58 so that signals emitted 
from antenna 76 may be effectively transmitted to the 
ambient environment outside of bolus 50. Preferably, 
antenna 76 is entirely disposed within plastic housing 
hatf 58 and not within metal housing half 56. 55 
[0074] In the embodiment shown, seal grooves 64 and 
66 each have a substantially triangular cross section, 
and elastomeric O-ring seals 68 have a substantially cir- 



cular cross section. However, it is also possible that seal 
grooves and O-rings with different cross-sectional 
shapes may be utilized. Regardless of the particular 
cross-sectional shape used, the elastomeric seal 
should substantially ffll the cross-sectional area defined 
by the seal grooves. 

[0075] Although the present invention has been 
described with reference to particular means, materials 
and embodiments, from the foregoing description, one 
skilled in the art can easily ascertain the essential char- 
acteristics of the present invention and various changes 
and modifications may be made to adapt the various 
uses and characteristics without departing from the 
spirit and scope of the present invention as described 
by the claims which follow. 

Claims 

1 . A remote monitor system for animals which com- 
prises: 

a) an ingestible programmable bolus, said 
bolus including: 

I) means for storing a selectable identifica- 
tion code, 

ii) means for transmitting a data burst sig- 
nal which includes information correspond- 
ing to said identification code, and 

iii) means for selecting an interval at which 
said data burst signal is transmitted; and 

b) a receiver for receiving data burst signals 
transmitted from said bolus. 

2. A remote monitor system for animals according to 
daim 1 , wherein said means for storing a selectable 
identification code includes means for changing 
identification codes. 

3. A remote monitor system for animals according to 
claim 1, wherein said means for selecting an inter- 
val at which said data burst signal is transmitted 
includes means to select between an autonomous 
mode and a demand mode. 

4. A remote monitor system for animals according to 
claim 1, wherein said bolus further comprises a 
means for sensing a physiological parameter of an 
animal and said data burst signal includes informa- 
tion corresponding to a sensed physiological 
parameter. 

5. A remote monitor system for animals according to 
claim 4. wherein said means for sensing a physio- 
logical parameter comprises a temperature sensor. 

6. A remote monitor system for animals according to 
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claim 1, wherein said means for transmitting the 
data burst signal includes means for effecting Fre- 
quency Shift Keying or Binary Phase Shift Keying 
modulation of transmitted data burst signals. 

7. A remote monitor system for animals according to 
claim 1, wherein said means for transmitting the 
data burst signal includes a Class C amplifier for 
final amplification. 

8. A remote monitor system for animals according to 
claim 1, wherein said bolus includes a ballast 
weight. 

9. A remote monitor system for animals according to 
claim 8, wherein said ballast weight comprises a 
magnetic or magnetizable material. 

1 0. A remote monitor system for animals according to 
claim 4, wherein said receiver is coupled to a 
processing means for processing data from the 
data burst signals. 

11. A remote monitor system for animals according to 
claim 10, wherein said boluses further include 
means for encoding the data burst signal with error 
detection and correction parameters and said 
processing means includes means for performing 
error detection and correction on received data 
burst signals. 

12. A remote monitor system for animals according to 
claim 1 , wherein said receiver is a hand-held unit. 

13. An ingestible bolus which comprises: 

means for storing a selectable identification 
code; 

means for transmitting a data burst signal 
which includes information corresponding to 
said identification code; 
means for encoding transmitted data burst sig- 
nals with error detection and correction param- 
eters; and 

means for selecting an interval at which said 
data burst signal is transmitted. 

14. An ingestible bolus according to claim 13, wherein 
said means for storing a selectable identification 
code includes means for changing identification 
codes. 

15. An ingestible bolus according to claim 13, wherein 
said means for selecting an interval at which said 
data burst signal is transmitted includes means to 
select between an autonomous mode and a 
demand mode. 



16. An ingestible bolus according to claim 13, wherein 
said bolus further comprises a means for sensing a 
physiological parameter of an animal and said data 
burst signal includes information corresponding to a 

5 sensed physiological parameter. 

17. An ingestible bolus according to claim 16, wherein 
said means for sensing a physiological parameter 
comprises a temperature sensor. 

10 

18. An ingestible bolus according to claim 13, wherein 
said means for transmitting the data burst signal 
includes means for effecting Frequency Shift Key- 
ing or Binary Phase Shift Keying modulation of 

15 transmitted data burst signals. 

19. An ingestible bolus according to claim 13, wherein 
said bolus includes a ballast weight. 

20 20. An ingestible bolus according to claim 19, wherein 
said ballast weight comprises a magnetic or mag- 
netizable material. 

21. A method of continuously monitoring a physiologi- 
25 cal parameter of an animal which comprises: 

a) providing an ingestible bolus, said bolus 
including: 

30 I) means for storing an identification code, 

ii) a sensor for sensing a physiological 
parameter, 

iii) means for transmitting a data burst sig- 
nal which includes information correspond- 

35 ing to said identification code and a sensed 

physiological parameter, said means for 
transmitting said data burst signal compris- 
ing means to continuously transmit data 
burst signals at a rate; 

40 

b) placing said ingestible bolus within an ani- 
mal; 

c) providing a receiver for receiving data burst 
signals transmitted from said bolus; and 

45 d) continuously monitoring received data burst 

signals. 

22. A method of continuously monitoring a physiologi- 
cal parameter of an animal according to claim 21, 

so wherein the physiological parameter comprises the 
temperature of an animal. 

23. A method of continuously monitoring a physiologi- 
cal parameter of an animal according to claim 22, 

55 further comprising: 

e) coupling said receiver to a processing 
means; and 
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f) processing data from the data burst signals. 

24. A method of continuously monitoring a physiologi- 
cal parameter of an animal according to claim 21, 
further comprising: 

producing an audio or visual warning in 
response to a sensed physiological parameter 
which is above or below a set threshold. 

25. a method of continuously monitoring a physiologi- 
cal parameter of an animal according to claim 21, 
wherein there are a plurality of boluses provided in 
a plurality of animals. 

26. An ingestible bolus for ingestion in a stomach of a 
ruminant animal, comprising: 

a housing including two housing halves, each 
of said halves comprised of a biologically inert 
material, at least one of said housing halves 
consisting essentially of plastic; 
a plurality of electrical components disposed 
within said housing, said electrical components 
including a power source, an air-borne signal 
transmitter for transmitting a data burst, and an 
antenna connected with said transmitter, said 
antenna disposed at least partially within said 
at least one plastic housing half; and 
means for ballasting said housing with a weight 
sufficient to maintain said bolus within the 
stomach of the ruminant animal. 

27. The ingestible bolus of claim 26, wherein said bal- 
lasting means provides said bolus with an effective 
density of at least 1 .75 grams per cubic centimeter. 

28. The ingestible bolus of claim 27, wherein said bal- 
lasting means provides said bolus with an effective 
density of between 1.75 and 2.0 grams per cubic 
centimeter. 

29. The ingestible bolus of claim 26, wherein said plas- 
tic consists essentially of one of polyphenylene 
oxide and acrylonitrile butadiene styrene. 

30. The ingestible bolus of claim 26, wherein at least 
one of said housing halves consists essentially of 
metal. 

31 . The ingestible bolus of claim 30, wherein said metal 
consists essentially of stainless steel. 



34. The ingestible bolus of claim 26, wherein said bal- 
lasting means comprises a ballast weight disposed 
within said housing. 

5 35. The ingestible bolus of claim 26, wherein said 
antenna is disposed entirely within said plastic 
housing half and said ballasting means is associ- 
ated with the other said housing half. 

w 36. The ingestible bolus of claim 26, wherein one of 
said housing halves consists essentially of a plastic 
and an other of said housing halves consists essen- 
tially of a metal. 

15 37. The ingestible bolus of claim 36, wherein said metal 
defines said ballasting means. 

38. The ingestible bolus of claim 36, wherein each of 
said housing halves include an open end, said open 

20 ends being configured to snap-lock together in a 
substantially fluid-tight manner. 

39. The ingestible bolus of claim 38, wherein one of 
said housing halves defines at least one annular 

25 groove at an inside diameter of a corresponding 
said open end, and an other of said housing halves 
defines at least one mating annular groove at an 
outside diameter of a corresponding said open end, 
and further comprising at least one fluid seal, each 

30 said fluid seal disposed in a corresponding mating 
pair of said annular grooves. 

40. The ingestible bolus of claim 39, wherein each said 
fluid seal comprises an elastomeric O-ring. 

35 

41. The ingestible bolus of claim 40, wherein each said 
mating pair of annular grooves conjunctively define 
a crush seal groove with a substantially triangular 
cross-section, each said O-ring substantially filling 

40 said corresponding crush seal groove. 

42. The ingestible bolus of claim 39, wherein said one 
housing half includes two annular grooves, said 
other housing half includes two mating annular 

45 grooves, and said at least one fluid seal comprises 
two fluid seals, each said fluid seal disposed in a 
corresponding mating pair of said annular grooves. 



50 



32. The ingestible bolus of claim 31 , wherein said stain- 
less steel is one of magnetic and magnetizable. 55 

33. The ingestible bolus of claim 31 , wherein said stain- 
less steel consists essentially of 416 stainless steel. 
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